INTRODUCTION
Phosphoenolpyruvate carboxykinase (PEPCK) is the key enzyme to initiate the gluconeogenic pathway in vertebrates, yeast, plants and most bacteria. Nucleotide specificity divided all PEPCK into two groups. All eukaryotic and most archaeal PEPCK are GTP-dependent. Bacterial and fungal PEPCK can be either ATP-or GTP-specific but all plant PEPCK are ATP specific [1] . Amino acid sequence alignment of PEPCK enzymes shows that the nucleotide binding sites are somewhat conserved within each class with few exceptions that do not have any clear ATP-or GTP-specific binding motif. Although the active site residues are mostly conserved in all PEPCK, not much significant sequence homology persists between ATP and GTP dependent PEPCK enzymes. There is only one planctomycetes PEPCK enzyme (from Cadidatus Kuenenia stuttgartiensis) that shows sequence homology with both ATP-and GTP-dependent PEPCK [1] . ATP-utilizing PEPCKs are monomers or oligomers of identical subunits found in certain bacteria, yeast, trypanosomatids, and plants, while GTP-utilizing PEPCK are mainly monomers found in animals and some bacteria. Both require divalent cations for activity, such as magnesium or manganese. One cation interacts with the enzyme at metal binding site-1 to elicit activation, while the second cation interacts at metal binding site-2 to serve as a metal-nucleotide substrate.
Natural products comprising plants, animals and minerals have been the basis for treatment of human diseases in traditional medicine by indigenous peoples, throughout the world and across time, is a well documented practice [2] , [3] , [4] . At the same time molecular modeling and docking have recently been introduced and gained attention among medicinal chemists [5] . It is believed that most of the chemotherapeutic agents directly or indirectly alter enzyme systems of helminth parasites mainly PEPCK [6] , [7] and serves as a good antihelminthic agents. A limited choice of safe and efficacious drugs is currently available for the treatment of schistosomiasis, helminthiasis and most intestinal protozoa infections. However, none of the compounds covers the whole parasite spectrum and they were mostly developed decades ago [8] , [9] , [10] . The main anthelminthic drugs are praziquantel for the treatment of trematodes and cestodes, albendazole, mebendazole (both benzimidazol carbamates), levamisole and pyrantel pamoate for intestinal nematodes and ivermectin for S. stercoralis and lymphatic filariasis.
The S. japonicum worms are yellow or yellow-brown. The males of this species are slightly larger than the other Schistosomes and they measure ~ 1.2 cm by 0.5 mm. The females measure 2 cm by 0.4 mm. The adult worms are longer and narrower than the related S. mansoni worms. Schistosoma japonicum is the only human blood fluke that occurs in China. It is the cause of Schistosomiasis japonica, a disease that still remains a significant health problem especially in lake and marshland regions. Schistosomiasis is an infection caused mainly by three schistosome species; Schistosoma mansoni, Schistosoma japonicum and Schistosoma haematobium. S. japonicum being the most infectious of the three species [11] .
PEPCK is an important enzyme of functional significance in helminth parasites which catalyses a reverse reaction that forms oxaloacetic acid from phosphoenolpuruvate (PEP) rather than PEP formation from oxaloacetate as in mammals [12] . This branch point differences of energy transducing systems between helminth parasites and their hosts has given some indication that this pathways are quite different from those of the mammalian host which can be used in finding inhibitors that affect the parasite's metabolic pathways selectively [13] , [14] . Because of its functional difference between the parasite and the host, it supports the belief that PEPCK could be a possible target for chemotherapeutic agents [15] . However, PEPCK has been isolated and characterized from only some selected helminth species, such as: Hymenolepis diminuta, the rodent dwarf tapeworm; Fasciola hepatica; Ascaris suum; Moniezia expansa, a cestode parasite of sheep; and Moniliformis dubius [16] , [17] , [18] , [19] , [20] . Wu et al. [21] have suggested the involvement of PEPCK (PEPCK: unigene 17356) in host-parasite interaction.
In the absence of experimental structures, the present study was carried out to use the computational methods to predict 3D protein structure of PEPCK of S. japonicum to provide insight into the structure and function of the enzyme.
II. METHODOLOGY

Sequence retrieval and 3D model building
The sequence of the PEPCK enzyme of Schistosoma japonicum was retrieved from NCBI database bearing Genebank ID AAW25103.1. Then with this query sequence a BLAST [22] search was performed against protein data bank to retrieve the corresponding template for the PEPCK enzyme with high similarity. The model was built by homology modeling and for this MODELLER [23] program was used. The MODELLER program uses an automated approach to comparative protein structure modeling by satisfaction of spatial restraints [24] . The template used in the present study was rat cytosolic PEPCK (PDB: 3DT7 Chain: A) in complex with beta-sulfopyruvate and GTP with experimental X-RAY Resolution1.50.
Model validation
The MODELLER generated 3D structure of PEPCK was further verified by PROCHECK [25] . The PROCHECK program provides the information about the stereo chemical quality of a given protein structure. The PROCHECK was used to generate Ramachandran plot and the quality of the structure was computed in terms of % of residues in favorable regions, % of non Proline, Glycine residues etc. The secondary structure prediction was carried out using Swiss 3 D protein assessment server, a highly accurate method for protein secondary structure prediction. The quality of structure was also accessed by using ERRAT [26] . ERRAT is a protein structure verification algorithm that is especially well-suited for evaluating the progress of crystallographic model building and refinement. Search for Conserved Domains (CD) within a modeled protein was carried out using NCBI source (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi).
ProQ -Protein Quality Predictor
ProQ is a neural network based predictor that based on a number of structural features predicts the quality of a protein model. ProQ is optimized to find correct models in contrast to other methods which are optimized to find native structures. Two quality measures are generally considered which are predicited LGscore and MaxSub [27] .
Active site Prediction and Molecular Docking
Sites of binding in proteins usually lie in cavities or on the polar surface. The size and shape of protein surface dictates the three-dimensional geometry of ligand that must binds due to intra atomic forces between them. The binding of a ligand typically serves as a mechanism for chemical modification or conformational changes of protein. Phosphoenolpyruvate carboxykinase (PEPCK), a carboxylase enzyme in nature (GTP or ATP dependent) is present in all living organisms. In the present study GTP binding site was determined and molecular docking was performed to evaluate GTP interaction with PEPCK modeled structure.
Molecular docking was performed with GTP using Molegro Virtual Docker 2010.4.0 (MDV2010.4.0). Molegro Virtual Docker software is best suited for all aspects of the docking process including preparation of the molecules to determination of the potential binding sites of the target protein, and prediction of the binding modes of the ligands [28] . This software is based on a new heuristic search algorithm that combines differential evolution with cavity prediction algorithm [29] . The binding site was detected by the docking software itself. The docking scoring function, Escore, is defined by the following energy terms:
Where, E inter is the ligand-protein interaction energy:
E intra is the internal energy of the ligand:
The search space of the simulation exploited in the docking studies was defined as a subset region of 15.0Å around the active site cleft. The overall geometry of GTP was optimized by the Powell Method [30] using Tripos Force Field [31] . 1000 iterations were given with a convergence criterion of 0.061kcal/molÅ. Charge distributions were calculated by Gasteiger-Marsilli method [32] . Proper bonds, bond orders, hybridization and charges were assigned using the Molegro Virtual Docker (MVD -2010, 4.0). Ten runs were performed and five poses returned. All the other docking parameters were set as default. The license file of fully functional MVD software was requested from Rene Thomsen (http://www.molegro.com/).
Function prediction of modeled PEPCK using 3d2GO Server
3d2GO server was used to predict the possible function of the predicted model using sequence and structure in the reference of Gene Ontology. It predicts the function of the protein using sources of information like overall topological similarity to structures with known function, geometric and residue similarity of predicted functional sites to regions of known structures and sequence homology to functionally annotated sequences [33] .
III.
RESULT AND DISCUSSION
Homology modeling
Homology modeling is a very effective method of generating the 3D structure of a protein for which experimental (X-rays crystallographic or NMR) structure is not available but the crystal structure of homologue is available. Then by making use of this template the 3D structure of the protein of interest was generated through homology modeling based method [34] , [35] , [36] .
For homology modeling of PEPCK from S. japonicum, the structure of rat cytosolic PEPCK in complex with beta-2 sulfopyruvate and GTP (PDB ID: 3DT7) was selected as a template. Multiple sequence alignment ( Fig.1 ) was performed on Clustal-W using GONNET matrix and subjected to MODELLER. There were total 622 amino acid residues in template structure whereas; query sequence contains 624 amino acids. Total ten models were generated against the template 3DT7. The best ranked model (Fig. 2) was then subjected for evaluation to check the quality of the generated model. There was more than 62 % sequence identity with E value 0.00e-1 in query and template sequences. Then MODELLER was used to generate the three dimensional structure of PEPCK. It is found that template structure contains different ligand which includes GTP800, MN700, MN701, MN703 and NA 100. In case of modeled protein also all these ligands were incorporated during model generation. GTP800 interacts, within a radius of 3 Angstrom, with the following ions: MN700, MN701 and MN703.
Structure validation
To obtain an accurate homology model, it is very important that appropriate steps are built into the process to assess the quality of the model. Therefore, accuracy of the predicted models was subjected through a series of tests [34] . To verify the quality of predicted model structures, the coordinates of predicted structures was submitted into the ERRAT Protein Verification Server. The overall quality factor was obtained as 95.33 which are reasonable for the modeled PEPCK (Fig. 3) . ERRAT plot assesses the spatial arrangement of different atoms in the protein models. It is a sensitive technique, which is good for identifying incorrectly-folded regions in preliminary protein models. ERRAT is a so-called "overall quality factor" for non-bonded atomic interactions, and higher scores mean better quality [34] .
In order to assess the reliability of the modeled structure of PEPCK, we calculated the root mean square deviation (RMSD) by superimposing it on the template structure (Fig. 4) . We have compared the protein structures using root mean square deviation (RMSD) which measures the difference between Cα-atom positions between two proteins. The smaller the deviation, the better is spatially equivalent of two proteins. Superimposition of protein structures was done using Chimera program (https://www.cgl.ucsf.edu/chimera/). The value of RMSD of two superimposed protein structures was found to be 0.215Å. The superimposed structure clearly showed to build from the same template.
The Z-score QMEAN [37] value for modeled structure was 0.22 ( Fig. 5 ). This score is composed of a linear combination of 6 terms, where the pseudo-energy of the contributing terms is given with respect to the scores obtained for high-resolution experimental structures of similar size solved by X-ray crystallography. WHATIF Z-score, obtained by assessing the 3D structure through a series of measurements of structures crystallized by X-ray and NMR, was -11.2 (Fig. 6) . To be acceptable, this value must be below -6 [38] .
The ability to segregate between correct and incorrect models of protein is of the great importance for protein structure prediction methods. ProQ, a neural network-based method to predict the quality of a protein model that extracts structural features, such as frequency of atom-atom contacts, and predicts the quality of a model, as measured either by LGscore or MaxSub. ProQ-LG denotes a network predicting LGscore and ProQ-MX denotes networks predicting MaxSub. The overall quality factor of modeled protein was also assessed by ProQ software which showed extremely good structure based on predicted LG score 6.948 and Maxsub score 0.579 (Table 1) .
The validation of the model was also carried out using Ramachandran plot calculations computed with the PROCHECK program [25] . The Φ and Ψ distributions of the Ramachandran plots of non-Glycine, nonProline residues are summarized in Fig. 7 . Altogether 99.2% of the residues was in favored and allowed regions (Fig. 7) . The percentage of amino acids in core, allowed, general and disallowed regions were 97.6%, 0.9%, 0.6% and 0.8% respectively. A global Z-score value of -0.43 obtained from the Ramachandran plot. A Z-score value greater than -2.0 is commonly associated with a high-quality model [38] .
Characterization of Model Structure
Structurally, when the model protein was submitted to the EMBL-EBI database, it generated the secondary structure along with many other data [25] . The model structure of S. japonicum PEPCK consists of 30 strands, 17 helices, 8 beta hairpins, 6 number of 3, 10 helices (Fig. 8) . Topological secondary structure representation of 624 amino acid residues of PEPCK model protein of S. japonicum is shown in Fig. 9 . Predicted solvent accessibility composition (core/surface ratio) for the modeled protein showed residues exposed with more than 16% of their surface is 43.93% and all other residues occupy 56.07% in protein structure (http://www.predictprotein.org). The theoretical isoelectric point and molecular weight was also calculated from the Expasy tool [39] and found to be 6.35 and 70334 (Da) respectively. Earlier studies by Asahi et al. [40] and Knudsen et al. [41] showed that the MW of S. mansoni PEPCK is 62 kDa and 70.4 kDa respectively. Similarly, the MW of Ascaris suum has also been found to be 83 kDa [42] .
EMBOSS Pepinfo creates a variety of plots that display different amino acid properties, such as hydropathy or charged residues, and their position in the sequence. In the present study amino acid sequences of model protein was submitted to Pepinfo and hydropathy plot was constructed (Fig. 10) . The hydropathy plot is used to find clusters of hydrophobic amino acids, which could indicate that the polypeptide in question is a transmembrane protein. A transmembrane protein has hydrophilic parts which protrude out on either side of the cellular membrane, and a hydrophobic centre which lies within the membrane [43] .
Using 3D Ligand site-Ligand binding site prediction server (http://www.sbg.bio.ic.ac.uk/) probability of amino acid residue forming a binding cavity is predicted which is shown in Fig. 11 ). 3DLigandSite is a web server for the prediction of ligand-binding sites [44] . It is based upon successful manual methods used in the eighth round of the critical assessment of techniques for protein Structure Prediction (CASP8).
Docking studies
PEPCK was modeled computationally and its active sites were also predicted using inbuilt program in Molegro virtual docker software. All the eukaryotic mammalian and most archaeal PEPCKs are GTP-specific. Therefore, in the present study docking was perform with GTP in the binding site of modeled protein (PEPCK) to predict the functional aspect of modeled protein. Fig. 13 . In addition, we observed that the same amino acids in both template and modeled protein were involved in hydrogen-bond formation with GTP during docking procedures.
Domain prediction of PEPCK modeled protein
Search for Conserved Domains (CD) within a modeled protein was carried out using NCBI source (http://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi). The result showed that the modeled protein consists of two conserved domains. Domain 1: Superfamily-PEP carboxykinase-like (E-value 5.26e-150); Family: PEP carboxykinase C-terminal domain (E value 5.09e-10); amino acid range: 263-623. Domain 2: Superfamily-PEP carboxykinase N-terminal domain (E value: 1.1e-97); Family: PEP carboxykinase N-terminal domain (1.29e-07), amino acid range: 13-262. The results are sorted from lowest E-value to highest E-value. Strong classifications have a low E-value. Ambiguous hits are not shown on the domain architecture. The family level classification is conditional on the domain being a member of the specified superfamily. There is a possibility that the selected domain is a member of a sub-family for which no structure has yet been solved. In this case the family E-value will likely to be >0.01 [45] . The related conserved domain (cd00819: PEPCK_GTP) and substrate binding domain (cl00270: PEPCK_HprK Superfamily) were also determined and compared with similar domains from others gene present in NCBI gene bank which phylogeny cluster is shown in Fig. 14 . HprK/P, the bi-functional histidine-containing protein kinase/phosphatase controls the phosphorylation state of the phosphocarrier protein, HPr and regulates the utilization of carbon sources.
Function prediction of modeled protein
The 3d2GO server (http://www.sbg.bio.ic.ac.uk/phyre/ pfd/) was used to predict the function of the protein model. This uses several methods of function prediction, using sequence and structure, to predict Gene Ontology (GO) terms for the protein. Various GO terms, their description and the confidence have been listed in Table 2 . Confidence ranges from 0 to 1, with 1 being the most confident prediction. Result show that the predicted protein has different functions like Carboxy-lyase activity, Phosphoenol pyruvate carboxikinase activity, Carbon-carbon lyase activity, ion binding, metal ion binding, Carboxylic acid binding, GTP binding activities with high confidence.
IV.
FIGURES AND TABLES Figure. 1 The pair wise sequences alignment of 3DT7 (template) and S. japonicum PEPCK sequence (query). Table 2 . Predicted function of modeled protein with their confidence limits.
V. CONCLUSION
In the present study homology modeling and function prediction of PEPCK was performed. The predicted model was validated with different program including Procheck, ERRAT, ProQ, Expasy tools etc. Ramachandran plot for modeled protein showed more than 99 % residues are in allowed and additionally allowed regions. The Carboxy-lyase activity, Phosphoenol pyruvate carboxykinase activity, Carbon-carbon lyase activity, ion binding, metal ion binding, Carboxylic acid binding, GTP binding activities were conserved as important functional site of the model with high confidence. Docking study showed modeled protein is able to dock with GTP more strongly in its active site as compared to template protein. Based on the results of present study it can be suggested that this model is reliable and could be useful for understanding the binding mode and for the design of new PEPCK inhibitors. Since, the inhibition of PEPCK is predicted to be a major target for antihelminthic drugs due to its functional difference between the parasites and the hosts. These findings are the subject to experimental verification and application for the finding of new chemotherapeutic agent(s) to combat schistosomiasis, helminthiasis and most intestinal protozoa infections problem.
